Introduction
36 Microorganisms are the most abundant and diverse organisms on Earth (Whitman et al. 1998) .
37 Yet, little is known about the various patterns of microbial distribution across different 38 environments. Microbial communities in contaminated ecosystems tend to be dominated by the 39 organisms that can degrade or tolerate the contaminant. Since contamination is a strong selection 40 force, these communities are typically less diverse than those in non-stressed ecosystems.
41 Several studies on oil contamination reported a drastic short-term reduction in the diversity of the 42 bacterial communities, which could be accounted for by oil toxicity and strong selection for 45 Loss of biodiversity has implications for ecosystem functioning as well as the delivery of 46 ecosystem services , and are of comparable magnitude to the effects of 47 many other global environmental changes . It is estimated that worldwide 48 mangrove forests provide at least US $ 1.6 billion each year in ecosystem services (Polidoro et 53 Mangroves are intertidal ecosystems along the coastlines of tropical and subtropical regions, 54 with unique features such as high primary productivity, abundant detritus, rich organic carbon 55 content and anoxic/reduced conditions (Ghizelini et al. 2012 ). In tropical mangroves, bacteria 56 and fungi constitute 91% of the total microbial biomass, whereas algae and protozoa represent 57 only 7% and 2%, respectively (Alongi 1988) . It has been proposed that the microbial structure 58 and function of mangroves are directly responsible for this ecosystem functioning (Holguin et al. 59 2001) . Mangrove sediments harbor a unique microbiome and metabolic reconstructions suggest 60 that ecological processes may be modulated by the prevailing conditions found in mangrove 61 (Andreote et al. 2012 ).
62 Diversity is a function of two components: (i) species richness and (ii) species evenness or 63 equitability. These two concepts are difficult to assess, especially when considering microbial 64 diversity of complex ecosystems. We approached this problem by using a pragmatic approach 65 aiming at understanding bacterial community dynamics from mangrove sediments under heavy-66 oil contamination stress, and at looking for common patterns that may be associated with oil 67 biodegradation is such environments (that is, a process that may govern community dynamics 68 under such conditions).
70 Materials and Methods
71 Sampling sites and sample collection 72 Four sampling sites were chosen with respect to their different hydrocarbon pollution history.
73 Sampling sites GBA (R22º41'14.5"S; 43º05'6.83"O) and GBB (22º41'1.55"S 43º05'9.21"O) 74 were located in the Guanabara Bay, in the city of Rio de Janeiro, Brazil, and sampling sites GR 75 (21º36'27.85"S 41º03'05.74"O) and GV (21º35'9.11"S 41º03'39.70"O) were located in Gargaú, 76 in the city of São Francisco do Itapaboana, in the northern part of the state of Rio de Janeiro, 77 Brazil (Fig 1) . Physicochemical parameters for the four sampling sites are shown in Table 1 . 159 2 ). GR and GV had more OTUs than GBA and GBB at the beginning of the experiment. Upon 160 petroleum exposure, all sites showed a dramatic decrease in OTUs, except GR which first 161 showed an increase until day 7, followed by an sharp decrease by day 14. In general, all sites lost 162 OTUs by day 14; thereafter, there was a tendency of sudden increase in OTUs for the Guanabara 163 sites, whereas the Gargaú sites stayed more stable. At GBA, this turning point appeared to be 164 later at day 21. In the second time-interval, there is a fluctuation in the number of OTUs along 165 the biodegradation process, and no common pattern is found among the four datasets. By the end 166 of the experiment, GBA was the richest community and the only community richer than when 167 compared to the beginning of the experiment, and GR was the least richest community. 178 Marked changes on bacterial community composition occur within the first week of heavy-oil 179 exposure, reaching almost 100% in GR and GBB (Fig 3) . This trend was alleviated in the 180 following weeks, and GR, GBA and GBB reached a minimum at day 21. For these communities, 181 day 21 was a turning-point in community composition; for GV this turning-point occurred one 182 week later, at day 28. During the second time-interval, the percent change values did not appear 183 to have a common pattern among the communities (Fig 3) . These values fluctuates around 50% 184 and 90% , but there was a drastic decrease from day 90 to day 120 for GV and GBA. By the end 185 of the experiment, the least and most susceptible communities were GBA and GR, respectively.
186 In general, the communities experienced more changes during the first time-interval than during 187 the second time-interval (Table 2) . This is to say, for example, that GBB changed on average 188 75% during the first time-interval, whereas GV changed on average only 33% during the same 189 period. On the other hand, when the first time-point is taken as the reference for estimating the 190 community change percent, it can be observed that the communities in each time-point of both 191 time-intervals are completely different from the first time-point in GBA and GBB (Fig 4) . On 192 average, GBA and GBB changed 92% and 99% and 97 and 96% in the first and second-time 193 intervals respectively (Table 2) . Interestingly, GBA differed from GBB only during the first 194 week, when it had a lower percent change value then GBB (Fig 4) . On the other hand, GR and 195 GV changed on average less than GBA and GBB. GR and GV appeared to have a common 196 pattern of community change with a striking difference from day 60 to day 90 (Fig 4) . 219 This parameter reflects the evenness of the community. Low Co values (0 -40) are typical for a 220 highly even community, while uneven communities have high Co values (70 -100). The initial 221 communities of GR and GV had a low organization, whereas GBA and GBB had a medium 222 organization (Fig 5) . During the first week, the organization values of GR, GV and GBA 223 increased, indicating a very uneven community, especially for GR. After the third week, the 224 organization of GV, GBA and GBB fluctuates around medium organization values, whereas GR 225 stayed more stable, with a lower organization. By the end of the experiment, GV, GBA and GBB 226 had a much uneven community than GR (Fig 5) . 238 were grouped together with the second phase communities from GR (GR28-GR150) in cluster 6.
239 The final communities from GV, GBA and GBB had each a distinct cluster (clusters 5, 2 and 3, 240 respectively), and the final communities from GV were more similar to the initial communities. GBA21  GBA60  GBB7  GBB21  GBB14  GBB90  GBA150  GBA90  GBA120  GBB150   GBB60  GBB120   GV60   GV14  GV28   GBA7   GBA28  GBB28  GBA14   GR14  GR21   GR7   GV7  GV21  GV150   GV90  GV120  GR90  GR120  GR150   GR28  GR60  GR0 262 We studied the responses of two very different mangroves, especially with respect to both 263 salinity and oil pollution. Guanabara Bay has a much higher salinity value than Gargaú and has 264 been exposed to multiple oil spill accidents, whereas in Gargaú there has never been an oil spill.
265 Taking these two factors together, our results indicate that oil exposure has a long-term effect in 266 bacterial community structure, and that the bacterial assemblages are different as overall samples 295 Oil contamination had a significant effect on the composition of the communities, especially at 296 the beginning of the experiment. Within seven days of exposure, GR and GBB communities 297 changed almost 100% compared to their initial communities (Fig 3a) . GV and GBA also showed 298 a change in their respective communities during this time, although to a lesser extent. These high 299 percent values indicate highly dynamic communities (i.e. open communities). Nevertheless, 300 during this same period, there was a decline in richness for all sites, except GR, indicating a loss 301 of OTUs. Also, there was a shift in community organization during this time, especially for GR 302 and GV which went from low to high organization, indicating the dominance of few OTUs.
303 Altogether, these data suggest a strong selection for hydrocarbon-degrading bacteria. 
